


A shutter, consisting of a switchable mirror, is used to provide a step-
function irradiance, and remains open through the ignition event. Igni-
tion is determined by the first light emission, which is measured by an
EMI 7656 photomultiplier the output of which is recorded by a visicorder.
At the onset of flaming, a step-function like output of the photomulti-
plier is observed. This output is used as unambigious determination of
the ignition event. In tests to date, n-decane was used as the liquid
fuel and air as the environmental gas.

The experimental chamber is 34 cm inside diameter with 40 cm length as
shown in Fig. 3. The chamber is mounted on bearings and can be rotated
90 degrees by a warm gear. The incident angle of the laser beam is
varied by using two mirrors and by the rotation of the chamber as shown
in Fig. 1. After each ignition test, the gas in the chamber is evacuated
by a vacuum pump.

The setup for the measurement of total surface reflectance at various
incident angles is being prepared. A schematic illustration of the
apparatus is shown in Fig. 4. An ellipsoidal mirror, 31.1 cm in dia-
meter and 9.2 cm high, is the principal feature of the design. Its
focal points are located about 9.2 cm and 51.8 cm from the apex, and
it has a linear magnification factor of about 5.7. The laser beam
(v 5mW) from a CO2
face at the first focal point of the ellipsoid through a small hole

laser is modulated and irradiates the sample sur-

in the ellipsoidal mirror. A pyroelectric detector, 1.0 cm diameter,
is used to measure the reflected laser beam from the sample. At

present, the calibration of the system is in progress.
3. Experimental Results and Discussion

The first series of experiments were conducted to find a container
size which did not affect ignition delay time under various experi-
mental conditions. The effect of the depth of the container on

ignition delay time was studied with 5 cm diameter container under
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the vertical radiation mode (incident angle 8 = 90°). The depth of
the container was varied from 1.2 cm to 34 cm. Results are shown in
Fig. 5, which indicate little effect of depth on ignition delay time
except extremely shallow case. The same conclusion was also derived
from experiments conducted at lower incident flux.

Similarly, the effect of the diameter of the container on ignition
delay time was studied with 5 cm depth container at © = 90° at two
different incident radiant fluxes. The diameter of the container was
varied from 2.5 cm to 10 cm. Results are shown in Fig. 6a at the in-
cident radiant flux Io = 4160 w/cm2 and in Fig. 6b at Io = 1670 w/cmz.
At high flux, there is no effect by the diameter of the container on
ignition delay time, but, at low flux, ignition delay time becomes
significantly longer for the container whose diameter is less than

4 cm. Apparently, there are some heat losses to the container wall,
which delay the ignition. From these results, a container of 6 cm
diameter and 5 cm depth was selected and used for all experiments
described in this report. The container is fastened onto the support
plate which is mounted on the chamber wall. When the chamber rotates,
the support plate tilts and the axis of the container is along the
incident laser beam. To make the container top parallel to the
horizontal decane surface, the top of the container is cut to be
horizontal when it tilts.

During the ignition period, bursting sounds, similar to that when water
droplets are dropped onto a heated plate, are clearly heard. This in-
dicates the rapid boiling of decane after laser irradiates it. However,

decane droplets were not observed outside of the container after the
experiment except for extremely low incident radiant fluxes. Apparently,
a large volume of decane is heated during the long ingition delay at

the low radiant flux and more decane boils off. Under this condition,
ignition was associated with a puff sound and the size of flame immedi-
ately after ignition seemed larger than that at high incident radiant ﬂ
flux.
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High speed direct motion pictures (1500 frames/sec) were taken to

observe the onset of ignition sample frames are shown in Fig. 7.

They show the onset of flaming in the gas phase far above the decane
surface the rapid flame spread toward the surface. Since boiling
temperature of decane is 174°C, the gas phase temperature near the
surface could go up to this temperature by conduction/convection from
the decane surface. This is too low to initiate the gas phase chemical
reaction and to attain a runaway condition. For this reason, it is
postulated that the absorption of the incident laser energy by the
vapor in the gas phase would be the key heating process to initiate
the chemical reaction. This is confirmed by the ignition of vapor
from decane heated by an electrical hot plate by passing the laser
beam through the vapor parallel to but above the liquid decane sur-
face. Therefore, the ignition mechanism of decane by high intensity
radiation appears to be the absorption of the incident radiant energy
by its vapor plume.

The relationship between the ignition delay time and the incident
radiant flux were studied with various incident angles and results

are shown in Figs. 8a, b, c, d. Roughly, above 2500 w/cm2 , ignition
delay time increases significantly with a decrease in flux. There is

a peculiar trend where ignition delay time tends to increase with in-
cident radiant flux at high flux. This was observed at all four
incident angles studied in this work. It is not clear what mechanism
causes this trend. Different phenomena might occur, such as changes in
boiling of decane or in the development of the vapor plume at high radi-
ant flux. Therefore, it is planned to take high speed photographs to
observe the behavior of the decane surface and to take high speed
shadowgraph pictures to observe the development of the plume.

Fig. 8a, b, ¢, and d show little difference in the relationship -between
© = 90° and © = 75°. However, at © = 60° and © = 45°, the minimum in-
cident radiant flux, Imin’ for ignition increases with a decrease in
the incident angle. At © = 60°, Imin = 1400 wécm2 and at © = 45°,

= 1000 w/cm“ for © =75° and 90°.
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The difference between © = 60° and © = 90° or © = 75° is found only near
the ignitable boundary; otherwise there is little difference between

them. However, the relationship at © = 45° differs significantly from
other angles. Ignition delay time becomes longer over a wide range of
the incident radiant flux. This trend can be explained by two reasons:
(1) the interaction between the vapor plume and the incident laser becomes
less with the shallow incident angle. Since the ignition is believed to
be caused by the absorption of the incident laser beam by the vapor plume,
less interaction should increase ignition delay time. If this mechanism
is correct, the minimum incident radiant flux for ignition will increase
with a decrease in the incident angle. (2) The surface reflectance of
the incident laser beam could increase with a decrease in the incident
angle because of the increase in specular reflection. This reduces the
amount of energy absorbed into decane and increases the ignition delay
time and the minimum incident radiant flux for ignition. At present,
without the results of reflectance measurements, it is not clear which
mechanism controls the effect of the incident angle on ignition delay
time. To extend the incident angle further, the relationship will be

studied at 30° in the near future.

The results in Fig. 8a are converted into the log-log plot to find any
characteristic relationship between the ignition delay time and the
incident radiant flux. The plot is shown in Fig. 9. The important
characteristic of this relationship is that it is non-linear in the
log-log relation. A similar characteristic is also found for other
incident angles. It indicates that there is more than one controlling
process occuring as incident radiant flux is varied. One of the con-
trolling processes might be the motion in decane caused by byoyancy.

The characteristic frequency of the fundamental mode of the internal

wave caused by buoyancy is calculated as follows: Let ¢ be velocity

potential, Zz the axial coordinate and r the radial coordinate.
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FIGURES

Schematic illustration of experimental apparatus.

Picture of overall experimental apparatus.
A-C02 laser, B-Mirror, C-Mirror, D-Chamber, E-Safety Shield.

Picture of Chamber.
A-photomultiplier, B-Chamber, C-Chamber rotation warm gear.

Schematic illustration of apparatus to measure total reflectance.

The effect of the container depth on ignition delay time.

6a, 6b. The effect of the container diameter on ignition delay time.
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High speed pictures of the onset of ignition followed by flame
propagation. 1500 frames/sec. I = 1900 W/em?, 6 = 60°.

The relationship between the ignition delay time and the in-
cident radiant flux. (a) © = 90°, (b) © = 75°, (c) © = 60°,
(d) e = 45°, .

The log-log relationship between the ignition delay time and
the incident radiant flux at © = 90°.

Timewise change in photomultiplier output at Io= 4000 w/cmz.
(a) © = 90°, D = 5cm, (b) © = 90°, D = 10cm, (c) © = 45°, D = 5cm.

Spectra of linear absorbance of decane.
(a) cell only, (b) & = 0.1, (c) & = 0.25, (d) & = 0.5,
(e) &£ = 0.75 and (f) £ = 1.0mm.
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